part of the National Program of Cancer Registries (NPCR) of the Centers for Disease Control and Prevention, and the National Cancer Institute's (NCI) Surveillance, Epidemiology, and End Results (SEER) Program. [9] [10] [11] The quality of the cancer incidence data varies by registry. [12] [13] For this study, the following criteria were used to assess cancer registry data quality: (1) case ascertainment was at least 90% complete; (2) at least 97% of cases passed a standard set of computerized edits; (3) <5% of cases were reported by death certificate only; (4) <3% of cases were missing information on gender; (5) <5% of cases were missing information on race; and (6) <3% of cases were missing information on age. 10 Because the geographic areas most affected by Hurricane Katrina are defined along county or parish boundaries (Figure 1 ), 14 data for this study have had <3% of the cases missing information about county or parish of residence at diagnosis. Disaster counties in Alabama and Mississippi and parishes in Louisiana were defined as those that were eligible for individual and public assistance as determined by FEMA, as of 23 September 2005. 14 These counties and parishes are referred subsequently to as the disaster counties and parishes.
The cancer incidence data from Alabama and Louisiana met the quality criteria for the diagnosis years 2000-2002, as submitted by 31 January 2005-the most recent data available. Because cancer incidence data from Mississippi did not achieve the high-quality data criteria, 2000-2002 site-, sex-, and agespecific cancer incidence rates from Louisiana were applied to Mississippi county-level population data were applied to estimate counts and crude cancer incidence rates for Mississippi. 15 nized that, in addition to addressing the control of communicable diseases and injuries, responders must pay specific attention to mental health, reproductive needs, and chronic diseases. 3 Patients with cancer were an important population of people with chronic disease at risk of being adversely impacted by Katrina.
Although the public health infrastructure and surveillance systems were disrupted in the aftermath of Hurricane Katrina, post-event surveillance systems that were functional indicated that the majority of visits to healthcare facilities were for medication refills, oral health, and chronic diseases. [4] [5] [6] In a recent household survey of families living in Federal Emergency Management Agency (FEMA)-subsidized community settings, 4.8% of adults reported a diagnosis of cancer. 7 Reports from oncologists in Louisiana and Texas noted the problems encountered while caring for cancer patients following the Hurricane, including their inability to access medical records and patients' inability to relay the type of cancer they were afflicted with and treatment received for their illness. 8 Cancer incidence data from population-based registries were used to describe the pre-Katrina burden of cancer in the Hurricane-affected counties. This paper suggests how population-based cancer registry data can be used to respond to and plan for the management of cancer patients displaced by disasters.
Methods

Information on newly diagnosed cancer cases in the United
States is based on data collected by states and territories as 2 Mississippi counts were estimated by applying annual site-, sex-, race-, and age-specific rates from Louisiana to the Mississippi county-level populations. 2 Mississippi rates and counts are estimated using site-, sex-, race-, and age-specific Louisiana rates and Mississippi populations. 3 Rates are per 100,000 population. 4 Rates are age-adjusted to the 2000 US standard population (19 age groups-Census P25-1130). 5 Average annual counts may not sum to total due to rounding. 6 Three-year average annual age-adjusted incidence rates were calculated using SEER*Stat software and are expressed per 100,000 population. 16 The average annual incidence rates for Alabama and Louisiana are age-adjusted to the 2000 US standard million population by five-year age groups, 15,17 the rates for Mississippi are estimated average annual crude rates. Three-year average annual case counts also are presented. Rates and counts were averaged over three years to promote stability because of the small geographic areas presented.
Cancers diagnosed in 2000 were staged using SEER Summary Stage 1977 (SSS1977) and cancers diagnosed in 2001-2002 were staged using SEER Summary Stage 2000 (SSS2000). For this report, these data are combined to produce three-year annual averages for [2000] [2001] [2002] . Based on an analysis performed by the North American Association of Central Cancer Registries (NAACCR) to assess the impact of the changes from SSS1977 to SSS2000, a stage shift from local (8.8% decrease from SSS1977 to SSS2000) to regional (9.4% increase from SSS1977 to SSS2000) disease was noted for prostate cancer. 18 Breast cancer was excluded from the assessment performed by NAACCR, and staging changes for other cancers did not impact the results obtained in this analysis.
Results
Before Hurricane Katrina, an average of 23,549 people residing in the disaster counties of Alabama, Louisiana, and Mississippi had received a new diagnosis of cancer during the preceding 12 months (Figure 1 ). There were 10 disaster counties in Alabama (total population of 835,186), 43 disaster counties in Mississippi (total population of 1,800,200), and 22 disaster parishes in Louisiana (total population of 2,526,468). 19 There were more new diagnoses among males (54%) than females, and among whites (72%) than blacks. Age-adjusted rates showed similar patterns as the counts except that black cancer patients had higher age-adjusted cancer incidence rates than white cancer patients.
In the entire state of Alabama and in Alabama disaster counties alone, cancer incidence rates tended to be lower than rates for the US for all cancer sites combined, regardless of gender or black/white race (Table 1) . For the state of Louisiana and for Louisiana disaster parishes, cancer incidence rates were similar to US rates. The exceptions were higher rates among males for all cancer sites combined, including lung, colorectal, and prostate cancer. Age-adjusted cancer incidence rates for people residing in the disaster counties in Mississippi were not presented because highquality data were not available from the Mississippi Statewide Cancer Registry.
Fifty-eight percent of the 23,549 cancer cases diagnosed in disaster counties during the 12 months before Hurricane Katrina were cancers of the lung and bronchus, colon and rectum, female breast, or prostate. Most of the lung cancer patients were male (60%), while the colorectal cancer patients were more evenly distributed by sex (52% male, 48% female). Regardless of cancer site, the percent distribution of cases by black/white race reflected the racial composition of the underlying populations: 26-31% of the cancer patients were black. 17 Fifty-six percent of the newly diagnosed patients residing in the disaster counties were among people aged 65 years and older at diagnosis. About 3,531 patients (15%) were at least 80 years old (data not shown). Of those cancer patients >80 years of age, 556 were newly diagnosed with cancer of the lung and bronchus, 601 with colorectal cancer, 402 women with breast cancer, and 427 men with prostate cancer.
Patients diagnosed with cancer in the 12 months preceding Katrina were likely still receiving treatment. Those with late-stage disease may have been receiving palliative care. The pre-Katrina stage distributions of the top 15 cancer sites by sex and black/white race for the disaster counties and parishes in Alabama and Louisiana are presented in Tables 2 and 3 . In general, the percent of cases diagnosed at the regional or distant stage was >50% for 11 of the 15 cancers listed. The percent of cases staged as regional or distant was higher among black patients than white patients, regardless of geographic area. This disparity was more pronounced in Louisiana disaster parishes (Table 3) than in Alabama disaster counties ( Table 2) .
Discussion
The estimated 23,549 people with a recent cancer diagnosis, identified in this paper using cancer registry data, represent a sizable population of people potentially displaced by Hurricane Katrina with special needs and concerns beyond those typically encountered following a disaster. Assessment of the health outcomes related to previous hurricanes in the US confirm the need to plan for management of health services for vulnerable populations-children, older people, pregnant women, and people with chronic diseases and disabilities. 3, [20] [21] [22] For example, the rapid assessment of the needs and health status of older adults after the 2004 landfall of Hurricane Charley in Florida noted disruptions in quality of life status, and medical care for pre-existing conditions and, as such, provided insights to plan care for cancer patients and people with other chronic conditions. 20 Across the three counties most affected by Hurricane Charley, a large percentage of households with at least one older adult reported that the hurricane had exacerbated (24-32%), or prevented normal care (18-28%) for a pre-existing, physician-diagnosed medical condition. Loss of power can preclude use of medical supplies or equipment that requires electricity to operate. Deaths can result from the exacerbation of previously undiagnosed cardiac conditions and pre-existing conditions, such as heart disease, diabetes, chronic obstructive pulmonary disease, and cancer. [21] [22] [23] Given that a standard-ized definition of hurricane-related death does not exist, and that medical examiners often decide whether a death was the result of a disaster caused by a naturally occurring hazard, such as a hurricane, 23 deaths related to chronic disease exacerbations or an inability to obtain needed care are not fully captured.
In addition to the issues outlined above, cancer survivors have specific needs that will vary by time since the disaster, and by time since their last treatment. In the first days following a disaster-producing event, attention should focus on potentially immuno-compromised patients such as those with acute leukemia or those who recently have received chemotherapy known to suppress blood cell counts. Precautions must be taken to minimize opportunistic infections. Therefore, crowded settings, such as shelters, should be configured to support infection control requirements. Cancer patients who need pain management also require prompt attention, because difficulty in obtaining controlled substances may lead to under-treatment of pain and possible withdrawal syndromes.
In the first few weeks following the hurricane, all possible efforts should be made to verify the cancer site, stage, and treatment plan and to resume treatment quickly. Ideally, cancer patients should know, or carry with them, information about their diagnosis and treatment history, but often they do not. 8 Medical facilities and records may have been destroyed, and contact with patients' oncologists may be impossible because of closed offices and downed communication systems (telephone and Internet). Copies of any medical records and imaging studies obtained after the disaster should be given to the patient to foster continuity of care, since patients may relocate multiple times. Patients receiving radiation therapy will need to resume therapy quickly, since lapses in radiation therapy have been associated with adverse outcomes and cancer cells may become resistant to radiation therapy if treatment is interrupted. 24 Chemotherapy often is given every 3-4 weeks, so it will be important to determine the expected date of the upcoming cycle.
Concurrent with the coordination of care on an individual level, public health and professional organizations can develop a database to track the location and capacity of cancer-related providers and facilities that are able to accept displaced patients. Insurance companies and government health programs also should be approached to define strategies and policies to ensure reimbursement for needed services. Patients should not have to delay seeking care because of concerns about financial coverage. Cancer patients who have insurance and are of a high socioeconomic status may have been able to relocate before the storm and resume care at a new institution more easily, but patients who were not able to evacuate before the storm may have been without financial means or insurance. For example, patients who received care at the Medical Center of Louisiana in New Orleans (Charity Hospital) likely did not have insurance and may have needed assistance finding free or subsidized care at a new institution. 25 A survey of evacuees in Houston evacuation centers indicated that 54% of the non-elderly were without health insurance. Twothirds reported that their main source of health care before the disaster was a hospital or clinic, and of these, 62% relied upon Charity Hospital for their care. 26 In the months after a disaster, when the immediate and short-term needs of those receiving chemotherapy and radiation or awaiting surgery for cancer have been addressed, the focus should shift to establishing plans for long-term follow-up care. Follow-up should include a review of the current cancer care plan, plans for appropriate screening and prevention, and assessment of psychosocial and financial concerns to provide adequate referrals for people affected by the disaster. Within a year of the original disaster, health system researchers should evaluate the distribution of care among displaced cancer patients to learn how to improve care in the event of future disasters. In addition, cancer registries should review case-sharing agreements to ensure information concerning cancer cases is captured without duplication.
Professional societies and cancer registries have provided valuable support for the needs of displaced cancer patients. For example, the American Society for Therapeutic Radiation and Oncology created a Website where contact information is listed for radiation oncologists from across the country who have volunteered to care for patients displaced by Katrina. 27 Similarly, the American Society for Clinical Oncology (ASCO) established a Website for locating treating oncologists, cancer centers, and hospitals. [28] [29] Working collaboratively with ASCO, NCI's nationwide, toll-free Cancer Information Service and Web chat service, LiveHelp, were available for displaced cancer patients and oncologists to find information about how to contact each other, to provide contact information for oncology practices that are available to accept patients displaced by the hurricane, and to answer other questions. [29] [30] The American Cancer Society provided guidance about future steps for cancer patients (and their families) whose treatment was interrupted by Katrina and the hurricane that followed it, Rita. 31 In addition to the national cancer organizations, population-based cancer registries have valuable information that can be used to facilitate rapid restoration of treatment. 10 For example, one of the regional offices of the Louisiana Tumor Registry located outside the disaster impact area was contacted to obtain cancer and treatment information on evacuees. 25 Because Louisiana has a single statewide database that is accessible to all staff, the registry was able to respond to the request by providing an abstract on cancer diagnosis, tumor stage, and surgical treatment to physicians after patient consent for data release was obtained.
Limitations
Data limitations raise several cautions to consider when interpreting the findings of this study. First, even though NPCR has made significant progress since the passage of the Cancer Registries Amendment Act in 1992, a few statewide, population-based cancer registries, including that for Mississippi, have not achieved the NPCR standards for completeness, timeliness, and quality. 9 Consequently, Louisiana cancer incidence data were used to estimate the burden of cancer in Mississippi for this analysis. If Louisiana data do not accurately reflect the true occurrence of cancer in Mississippi, then the data for Mississippi will be biased. Mississippi data have since met the criteria for 2003 data and may be used in future studies. Second, insufficient available resources and the newness of many NPCR registries preclude estimating survival and prevalence at this time. Third, the use of available pre-Katrina cancer registry data do not directly address the challenges for continuity of care for evacuees who have relocated to other states or for the health systems in states in which the evacuees were sent.
Conclusions
Hurricane Katrina was unprecedented in the scope of the damage caused by its aftermath. Lessons learned from this disaster allow for better preparation for future disasters, particularly in regard to the needs of cancer patients.
1. Specific triage guidelines can be developed to assist evacuation centers in identifying and appropriately referring cancer patients; 2. Physicians and medical systems should be encouraged to establish electronic medical records with offsite data backup to ease access to patient information from distant locations. Patients should be encouraged strongly to carry records of their diagnosis and treatment at all times. Patients also should be given information about what to do regarding their treatment in the event of a disaster, as well as contact information for national organizations to assist them in locating new providers if needed; 3. Websites and telephone hotlines that were created by several national cancer organizations should be maintained; 4. Cancer patients should be included in post-event surveillance systems; 5. A standard definition of death related to disasters caused by naturally occurring hazards should be adopted to fully capture deaths caused by exacerbation of chronic diseases; and 6. Population-based cancer registries should be prepared to provide both individual and populationlevel information in the event of a disaster. Individual data can be used to respond to specific clinician requests, as was the case in Louisiana, although cancer registries may not have information on cancer patients diagnosed in the previous six months because of the time required to abstract cases. Population data can be used to provide at least approximate estimates of the number of cancer patients potentially displaced by a disaster, what types of cancer they are likely to have, and how many may be undergoing active treatment. Taken together, this information could be valuable in quickly re-establishing care for cancer patients affected by a disaster.
